Partial but regio-and stereoselective dechlorination takes place if polychlorinated oligocyclic insecticides (Diels-Alder adducts and dimers of hexachlorocyclopentadiene) are electrolysed in methanol solution at lead cathodes. The products are detected and identified by GC/MS, IR and NM R spectroscopy. The structure of the product 2 formed from Mirex® is confirmed by an X-ray structural analysis.
Introduction
In the last decades chlorinated organic com pounds such as polychlorinated dioxins (P C D D s), polychlorinated dibenzofurans (PC D Fs), poly chlorinated biphenyls (PC B s) and organochlorine insecticides have been recognized as serious envi ronm ental pollutants. All of these com pounds are extrem ely resistant to biodegradation. A n um ber of different m ethods including chem ical and bio logical degradation have been developed for the decontam ination of p o lluted environm ental sam ples [2] , H ow ever, chem ical m ethods are often too com plicated or require the use of dangerous chem icals, w hereas sm ooth biological deg rad atio n takes place only with com pounds of low er chlorine content. We have found the electrochem ical d e chlorination to be very effective for P C D D s [3] , PC D Fs [3] and PC Bs [4] . T herefore, we have ex tended our studies to the organochlorine insecti cides 1, 3, 5, 8 ,1 2 . The first, m ainly electroanalytical, studies on this class of com pounds w ere rep o rted by A. Cisak [5] , nol. The electrolyses w ere carried out potentiostatically as described earlier [3] in a divided cell with an anion exchange m em brane and a platinum counter electrode. The progression of the dechlo rination of 1, 3, 5, 8, 12 was studied after a five hour electrolysis. It was found th at -in contrast to arom atic com pounds like the PCBs -full d e chlorination could not be achieved. H ow ever, the partly dechlorinated reaction products w ere iso lated and identified. Schem e 1 shows the m ain 
Results and Discussion
The electrochem ical dechlorination was achieved by reduction at a lead cathode in m ethaReprint requests to Prof. Dr. Jürgen Voss. dechlorination products obtained from Mirex® (1) and Kepone® (3). In both cases the dechlorination is very selective and yields analogous pentachloro derivatives (2) (cf. Fig. 1 ) and (4) respectively. By GC/M S analysis com plex m ixtures of o th er tetra-,
0932-0776/95/0600-0953 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. ci" -0.3881 (7) penta-and hexachloro-derivatives were detected as by-products. The m ajor ions in the EI-M S spectrum of these com pounds stem from a frag m entation into chlorinated cyclopentadienes. T heir m olecular ions are usually very weak or can not be observed at all. Instead the fragm entation products [M -C l] can be detected.
Kepone® and its derivatives exist as a m ixture of the hydrate and the n o n hydrated ketone which can easily be distinguished by 13C N M R spectros copy (<3 = 105 and d = 220 respectively). W hen the reduction of K e p o n e k was carried out at high potentials som e m igration of the hydrate through the m em b ran e was observed. Therefore the red u c tion was carried out at low er potential and lower cu rren t densities.
The stru ctu re of the heptahydro derivative (2) of Mirex® was established by an X-ray structural analysis. C rystal data and the details of the p ro cedure are com piled in Table I . The structure was solved w ith the direct m ethod M ULTAN [6 ] and d ifferential F ourier synthesis. R efinem ent was p erfo rm ed by least-squares methods. A tom ic co o rd inates w ith standard deviations are listed in Table II [7] . D ue to an extrem e shape and the poor quality o f the crystal and a decrease of th e inten sities during the m easurem ent the precision of the d ata is not optim al. T herefore, a final R -value of only 11% was achieved. N evertheless, the chem i cal stru ctu re of 2 was unequivocal. A n O R T E P plot of th e 2-m olecule is shown in Fig. 2 . A selec- Table III . Selected bond lengths [pm] and bond angles of the molecule 2 with standard derivation in brackets.
C 1 -C 2 1.520(13) C 1 -C 7 1.528(14) C 1 -C 1 0 1.500(12) C 2 -C 6 1.580(12) C 5 -C 6 1.547(13) C 6 -C 7 1.534(12) C 7 -C 8 1.521(13) C l -C l 11 1.774(10) C6-C161
1.742(9) C5-C151 1.779(11) C 2 -C 1 -C 7 86.9(7) C 2 -C 1 -C 1 0 108.5(8) C 1-C 2 -C 3 104.0(8) C 1 -C 2 -C 6 87.4(7) C 2 -C 6 -C 5 105.4(7) C 4 -C 5 -C 6 94.4(7) C 1 5 1 -C 5 -C 4 111.4 (7) C161 -C 6 -C 7 121.7 (7) tion of characteristic structural param eters is given in Table III . The insecticides Aldrin®, Chlordane® and Alodan® are produced from hexachlorocyclopentadiene and different dienophiles by D iels-A lder re action. For Aldrin® (5) and Chlordane® (8) the electroreduction yields the tri-(6,9) and tetrachloro-derivatives (7,10,11) (Schem e 2). A gain a rem arkable regio-and stereoselectivity is o b served, which is in agreem ent with results of the electroreduction of chloro-norbornenes [8 ] . In both cases the bridgehead chlorine atom s are the m ost difficult to reduce. The structures w ere con firm ed by m easurem ents of the nuclear O verhauser effects. T he N O E experim ents show, that the bridge p roton is always in the anti position. The electron im pact (E l) m ass spectra of the cyclodiene insecticides and their products are gen erally dom inated by fragm ents th at arise from rerro-D iels-A lder reactions (R D A ). The E l-m ass spectrum of (9) is shown in Fig. 3 .
A fter electrolysis of Alodan® (12) a lot of dif ferent products w ere form ed. Isolation of pure com pounds was not possible. C onsequently only G C/M S data could be used for the identification Fig. 3 . El-mass spectrum of racemic pentahydro-Chlordane (9). of the electrolysis products. From the m ass spectra it can be concluded th at m ost of the electrolysis products contain two or th ree chlorine atoms.
A typical mass spectrum is show n in Fig. 4 . No R D A reaction, which is characteristic o f all the cyclodiene insecticides and th eir dechlorination p ro ducts, could be d etected. To explain this fact electrolyses in D M F and acetonitrile instead of m ethanol were carried out. In both cases mainly polym ers w ere found, but after a short-tim e elec trolysis in acetonitrile one m o n o m er p roduct (13) could be isolated and identified (Schem e 3) the structure of which explains the missing of the R D A reaction in the mass spectra. The 1,3-diene (13) does not represent a reduction product of 12 but is form ed by base-catalysed elim ination. E x p e rim e n ta l
General and routine instrumentation
N M R spectra were recorded on B ruker W M 250 and WM 400 spectrom eters using CDC13 as solvent and TM S as internal standard unless otherw ise stated, IR spectra were recorded on a Perkin Elm er FT-IR 1720X instrum ent and mass spectra on a Finnigan M AT C H 7. E lectrolyses w ere perform ed using an ST 72 Standard Potentiostat and a VSG 72 Voltage Scan G e n e ra to r (B ank Electronic, G öttingen, G erm any). S tarting m aterials: C om pounds (1, 3, 5, 8, 12 ) w ere o b tained from R iedel-de H aen (Pestanal®).
General electrolysis conditions
The electrolyses were carried out potentiostatically in a divided cell with an anion exchange m em brane (Perm ion 4035, Serva, Fleidelberg. G erm any). The insecticides were reduced at a lead cathode in 100 ml MeOH/O.l M -tetraethylam m onium brom ide as solvent/supporting electrolyte system at a w orking potential of -2 .0 V to -2 .2 V vs. Ag/A gBr. Progress of the reduction was m oni to red by gas chrom atography. The electrolyses w ere term inated after five hours and 2 0 0 ml of dist. w ater w ere added to the cathode solution. Some hydrochloric acid was added until a pH of 5 was reached. The mixture was extracted with pentane. The products were separated using col um n chrom atography or preparative scale gas chrom atography (Shimadzu G C 8 A ) on a 3m SE-30 column.
Electrolysis o f Mirex (1): 100 mg (0.18 m m ol) w ere reduced as described above. A fter filtration over silica gel 14 mg of com pound 2 were isolated by preparative scale gas chrom atography (150 °C to 250 °C by 10 °C/min). 161, 189, 191, 194, 196, 198, 225, 227 30 (d, 1 H, 9-H 
